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Theory of Equations: Pure Mathematics and Applied Mathematics
Akiko ITO＊
In this paper, we state theories of equations in pure and applied mathematics. First, we review Iwasawa 
Theory and Fermat’s Last Theorem, historical development in number theory. These tell us the importance 
of studying equations. In Iwasawa Theory, an open problem “Greenberg’s Conjecture” is known. Recently, the 
author proved the existence of certain infinite families of real quadratic fields for which this conjecture holds 
true. We also state this. Secondly, we review embedding problem in symplectic geometry. The author showed 
some property of symplectic embeddings of 4-dimensional ellipsoids E （1, a） into polydiscs P （A＋ε, A－ε） 
by using equations. We can use some properties of equations to investigate various problems. Thirdly, we focus 
on Black-Scholes equation in mathematical finance and explain that differential equations are very useful to 
analyze social and natural phenomenon.
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(1) 2x = 1
(2) 3x2 + 5x + 1 = 0




ࣜ ax2 + bx + c = 0ͷղͷެࣜ
x =




−5 ± √52 − 4 × 3 × 1














Խ͖ͯͨ͠෼໺Ͱ͋Δ (Ճ౻ 1995) [7], (Washington





























ؠᖒཧ࿦ (Washington 1996) [21], (ࠇ઒΄͔ 2005)
[11]ʹ͍ͭͯड़΂ΔࡍʹʮରԠʯͱ͍͏֓೦͕ඞཁ
ͱͳΔ. ೋ࣍ؔ਺ͷ໰୊Λྫʹ,ͦͷ֓೦Λઆ໌͢Δ.
໰ 2. (1) ೋ࣍ؔ਺
y = (x − 2)2 − 1
ͷ௖఺ͱ࣠ΛٻΊͳ͍͞.
(2) kΛਖ਼ͷ࣮਺ͱ͢Δ.ํఔࣜ
(x − 2)2 − 1 = k
Λຬ࣮ͨ͢਺ղ xͷݸ਺ΛٻΊͳ͍͞.
(1)͸ y = (x−2)2−1ͱ͍͏਺͔ࣜΒ,௖఺ (2,−1),
࣠ x = 2ͱ௚ͪʹ෼͔Δ. (2)͸άϥϑ͔Β൑ఆͰ͖
Δ.
ਤ̍: ೋ࣍ؔ਺ͷάϥϑ
ਤ̍ΑΓ์෺ઢ y = (x − 2)2 − 1ͱ௚ઢ y = kͷަ఺





















y = (x − 2)2 − 1 ↔ ͋Δ์෺ઢ




























325 = 3 × 102 + 2 × 101 + 5 × 100
ͱ͍͏ҙຯͰ͋Δ. ίϯϐϡʔλͳͲͰ༻͍Δ 2ਐ
਺ʹ͓͍ͯ, 1101͸
1 × 23 + 1 × 22 + 0 × 21 + 1 × 20
ͱ͍͏ҙຯͰ͋Δ. 10ਐ਺ͷ 13ͱ౳͍͠.
2ਐ਺, 3ਐ਺, 5ਐ਺, ʜͱ͍ͬͨૉ਺ਐ਺ (pਐ
਺)͸,ී௨ͷ਺ (࣮਺)ͱ͸ҟͳΔڑ཭ײΛ࣋ͭ. ྫ
͑͹,࣮਺Ͱ͸ 8ͷํ͕ 1ΑΓ΋ 26ʹ͍ۙ. ͔͠͠,
5ਐ਺Ͱ͸ઈର஋ͷఆ͔ٛΒ 1ͷํ͕ 8ΑΓ΋ 26
ʹۙ͘ͳΔ.
ؔ਺ f (x) = x2 ʹ͍ͭͯ, f (1) = 12 = 1, f (
√
3) =√
32 = 3Ͱ͋Δ. ීஈ, xʹ͸࣮਺Λ୅ೖ͍ͯ͠Δ.














































ؠᖒෆมྔʹ͸, λ, μ, νͷࡾछྨ͕͋Δ. ͜͜Ͱ
͸, λʹண໨͢Δ. ૉ਺ pͱ୅਺ମͱݺ͹ΕΔू߹ K
ʹର͠,ؠᖒ λෆมྔΛ λp(K)ͱද͢.
༧૝ 1. (άϦʔϯόʔά༧૝)૯࣮ͳ୅਺ମ Kʹ͓













6), · · · ͸શ
ͯ૯࣮୅਺ମͰ͋Δ.





ओ݁Ռ 1. े෼େ͖ͳ࣮਺ Xʹର͠
�
⎧⎪⎪⎨⎪⎪⎩ 0 < D < X : λ5(Q(
√
D)) = 0,







ओ݁Ռ 2. pΛ3ΑΓେ͖ͳૉ਺ͱ͠, S +ͱS −Λޓ͍
ʹڞ௨෦෼Λ࣋ͨͳ͍حૉ਺ͷ༗ݶू߹Ͱ p  S + ∪
S −Λຬͨ͢΋ͷͱ͢Δ. (A, B) ∈ {(1, 8), (5, 8), (8, 16)}
ͱ δ ∈ {±1}Λݻఆ͢Δ. ҎԼͷ৚݅Λຬ࣮ͨ͢ೋ࣍
ମͷجຊ൑ผࣜ D0 ͕ଘࡏ͢ΔͱԾఆ͢Δ:
(i) D0 ≡ A mod B,








D0))  0 mod p,
(v) |Rp(Q(√D0))|p = 1p ,





D ≡ A mod B,
















Rp(K)͸ Kͷ p-ਐ୯਺ج४, | · |p͸ p-ઈର஋Ͱ͋Δ.

























(McDuﬀ, Salamon 1995) [12]ʯ͸ղੳྗֶΛىݯͱ
͍ͯ͠Δ.
ؔ਺ͷࢄΒ͹Γ۩߹ʹ͍ͭͯ࣍ͷ໰୊Λߟ͑Δ.
໰ 3. f (x) = x, g(x) = x3, j(x) = x5 ͱ͢Δ.
(1) x = 0, 1, 2Λ୅ೖͨ࣌͠ͷ஋ΛؚΉ࠷খͷ࿈ଓ
۠ؒΛͦΕͧΕٻΊͳ͍͞.
(2) (1)Ͱͷ۠ؒͷ͏ͪ࠷খͷ΋ͷΛٻΊͳ͍͞.
f (0) = 0, f (1) = 1, f (2) = 2, g(0) = 0, g(1) = 1,
g(2) = 8, j(0) = 0, j(1) = 1, j(2) = 32 ͳͷͰ, (1)
͸ f (x)ͷ৔߹ [0, 2], g(x)ͷ৔߹ [0, 8], j(x)ͷ৔߹











polydiscͱݺ͹ΕΔଟ༷ମ P(A + �, A − �)΁ͷγϯ
ϓϨΫςΟοΫຒΊࠐΈ໰୊Λߟ࡯͠, ಛఆͷେ͖
͞ͷପԁମΛຒΊࠐΉ͜ͱ͕Ͱ͖Δ polydiscͷ࠷খ
αΠζΛಋग़ͨ͠ (ҏ౦) [5]. ͜͜Ͱ, � ͸ݻఆ͞Ε
ͨਖ਼ͷ࣮਺, a, A͸ਖ਼ͷ࣮਺Λද͢. a, Aͷ஋͕େ͖
͍΄Ͳ,ପԁମ΍ polydiscͷαΠζ΋େ͖͘ͳΔ.
ओ݁Ռ 3. a ≥ 8 + 8� ͷ࣌,














ఆཧ 1. (ϑΣϧϚʔͷ࠷ऴఆཧ) 3 Ҏ্ͷࣗવ਺ n
ʹ͍ͭͯ,
xn + yn = zn
ͱͳΔࣗવ਺ͷ૊ (x, y, z)͸ଘࡏ͠ͳ͍.
17ੈلͷϑϥϯεͷ਺ֶऀϑΣϧϚʔ͕ݹ୅ͷ
਺ֶऀσΟΦϑΝϯτεͷஶ࡞ʰࢉज़ʱͷ༨നʹ࢒
ͨ͠ॻ͖ࠐΈ͔Βํఔࣜ xn + yn = zn ͷࣗવ਺ղͷ
ݚڀ͕࢝·ͬͨ. ଟ͘ͷਓʑͷ࢓ࣄΛܦͯ 360೥ޙ,
ΞϯυϦϡʔɾϫΠϧεͱϦνϟʔυɾςΠϥʔʹ
ΑΓ্هͷΑ͏ʹղܾ͞Εͨ (Ճ౻ 1995) [7], (Ճ౻
2009) [8], (ࡈ౻ 2009) [15].
4.2 ʮରԠʯ
ϑΣϧϚʔͷ࠷ऴఆཧͷূ໌ͷखॱ͸Լهͷ௨Γ
Ͱ͋Δ (Ճ౻ 1995) [7], (ࠇ઒΄͔ 2005) [11], (Ճ౻
2009) [8], (ࡈ౻ 2009) [15]:



















͏ͳ΋ͷ͔঺հ͢Δ (Koblitz 1993) [10].
ପԁۂઢ͸
y2 = ax3 + bx2 + cx + d
ͷܗͷؔ਺Ͱ༩͑ΒΕΔۂઢͷ͜ͱͰ͋Δ. ͜͜Ͱ,































͕ݤͱͳͬͨ (Ճ౻ 1995) [7], (ࠇ઒΄͔ 2005) [11],






















































ඍ෼ํఔࣜͷఆٛΛड़΂Δ (ߴ໺ 1994) [19], (ਆ
อ 2006) [6].
y͕ xͷ̍ม਺ؔ਺ͷ࣌, x, yͱ yͷಋؔ਺ y�, y�� ,
y
���
, · · · ΛؚΜͩํఔࣜΛʮৗඍ෼ํఔࣜʯͱ͍͏.
ྫ͑͹,
y� = x + 3y, x2y
�� − 4xy� + 6y = 8x4
ͳͲ͕͋Δ.











































໰ 4. 50ԁͷνϣίϨʔτͱ 80ԁͷΫοΩʔΛ߹




ͷݸ਺͸ 8 − xݸͰ͋Δ. ໰୊ͷ಺༰Λ਺ࣜͰهड़
͢Δͱ
50x + 80(8 − x) = 490
ͱͳΔ.
30x = 150


























Ϛϧαεͷਓޱ࿦Ͱ͋ΔͱݴΘΕΔ (৿ 2016) [14].
1798೥,Ϛϧαε͸ஶॻʰਓޱ࿦ʱʹ͓͍ͯਓޱ
͕ࢦ਺ؔ਺తʹ૿Ճ͢Δ͜ͱΛඍ෼ํఔࣜΛ༻͍ͯ
ࣔͨ͠ (৿ 2016) [14].
࣌ࠁ xͰͷਓޱΛ y(x)ͱ͓͘ͱ, Δx͚͕ͩ࣌ؒܦ
աͨ࣌͠ͷਓޱͷฏۉͷ૿Ճ཰͸
y(x + Δx) − y(x)
Δx
Ͱ͋Δ.͜ͷ૿Ճ཰ΛҰਓ౰ͨΓʹ௚͢ͱ












y(x) = Neax (N ͸ఆ਺)


























y�(x) = −ly(x) + b(x)m − y(x)
m
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ద༻ྫΛड़΂Δ (ຸ୩ 2000) [13], (ੴଜɾੴଜ 2008)
[2].
࣌ࠁ t ʹ͓͚ΔגՁΛ S t ͱॻ͘. ͜ͷגͷΦϓ
γϣϯՁ֨͸גՁʹ൐ͬͯมಈ͢ΔͨΊ, S t ͱ tΛ
ม਺ͱ͢Δ̎ม਺ؔ਺ͱͳΔ. ͜ͷΦϓγϣϯՁ֨
Λ f (S t, t)·ͨ͸ f ͱॻ͘. ϒϥοΫɾγϣʔϧζํ
ఔࣜ͸ f (S t, t)͕ຬͨ͢΂͖ඍ෼ํఔࣜͰ͋Δ.











Ͱ,גՁ S t ͸΢ΟʔφʔաఔͷҰൠԽʮҏ౻աఔʯ
ʹै͏ͱ͢Δ͜ͱ͕Ͱ͖Δ. ਺ࣜͰͷهड़͸
dS t = μS tdt + σS tdZt (1)


































גՁ S t ͷגࣜΛ
∂ f
∂S t












− d f (4)
































− f (S t, t)
)
dt (6)
Ͱ͋Δ͜ͱΛҙຯ͢Δ. r ͸҆શརࢠ཰Λද͢. (5)
ࣜͱ (6)͔ࣜΒ



















ͱͰϤʔϩϐΞϯɾΦϓγϣϯՁ֨ f (S t, t)͕࣮ࡍ
ʹಋग़Ͱ͖Δ. ྫ͑͹,ݱ࣌఺ͷגՁ 14, 500ԁ,ݖར
ߦ࢖Ձ֨ 14, 000ԁ,Φϓγϣϯͷظؒ 2ϲ݄,גՁ
มಈ཰ 38%,҆શརࢠ཰ 6%ͷ࣌,ϤʔϩϐΞϯɾΦ
ϓγϣϯՁ֨͸໿ 1, 232ԁʹͳΔ (ੴଜɾੴଜ 2008)
[2]. ݖརߦ࢖Ձ֨ͱظؒ͸ΦϓγϣϯΛߪೖ͢Δଆ
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